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osting by EAbstract a-Amylase was extracted and puriﬁed from soybean seeds to apparent homogeneity by
afﬁnity precipitation. The homogeneous enzyme preparation was immobilized on gelatin matrix
using glutaraldehyde as an organic hardener. Response surface methodology (RSM) and 3-level-
3-factor Box–Behnken design was employed to evaluate the effects of immobilization parameters,
such as gelatin concentration, glutaraldehyde concentration and hardening time on the activity
of immobilized a-amylase. The results showed that 20% gelatin (w/v), 10% glutaraldehyde (v/v)
and 1 h hardening time yielded an optimum immobilization of 82.5%.
ª 2012 Academy of Scientific Research & Technology. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
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lsevierimprovement in the immobilization parameters would enhance
efﬁciency of the process. In this respect, response surface meth-
odology (RSM) would play a more efﬁcient role in searching
optimum conditions for any process. RSM is a compilation
of statistical and mathematical techniques widely used to
determine the effects of several parameters and to optimize
various biotechnological processes [15,5,13,12,7]. It is a tech-
nique, based on the fundamental principles of statistics, ran-
domization, replication and, duplication, which simpliﬁes the
optimization by studying the mutual interactions among the
variables over a range of values in a statistically valid manner.
It is an efﬁcient statistical technique for optimization of multi-
ple variables in order to predict the best performance condi-
tions with a minimum number of experiments. These designs
are used to ﬁnd improved or optimal process settings, trouble-
shoot process problems and weak points and make a product
162 N. Jaiswal et al.or process more robust against external and noncontrollable
inﬂuences [14,1]. Implementation of RSM in optimization of
any process, make it much economical and speedy. Further,
it reduces the experimental repetitions for evaluating multiple
factors and their interaction relationships. An effective statisti-
cal design is the basis for response surface optimization and
the reported designs include Plackett–Burman design,
Box–Behnken design, Graeco–Latin square design and central
composite design [8,2,6]. RSM has been used here for optimi-
zation of a-amylase immobilization on gelatin based on Box–
Behnken design. The Box–Behnken design is an independent,
rotatable or nearly rotatable quadratic design i.e. it contains
no embedded factorial or fractional factorial design. It requires
very few experimental combinations of the variables to esti-
mate potentially complex response functions. Thus, presents
the most economical tool of any process optimization. Fur-




Soybean seeds were procured from the local market. Sodium
alginate, maltose, gelatin and 3,5-dinitrosalicylic acid (DNS)
was purchased from Sigma Chemicals Co. (St. Loius, MO,
USA). Soluble starch was from Qualigens Fine Chemicals,
Mumbai. All other reagents were analytical grade chemicals
either from BDH or E. Merck, India.
2.1.1. Isolation and puriﬁcation of a-amylase
The isolation and puriﬁcation of a-amylase was done as de-
scribed by Prakash and Jaiswal [11]. Soybean seeds were
soaked in 25 mM sodium acetate buffer (pH 5.5) for 8 h at
4 C. The soaked seeds were homogenized using a kitchen
blender and ﬁltered through muslin cloth followed by centrifu-
gation at 15,000 rpm (21,633g) for 30 min. The supernatant so
obtained (crude) was subjected to puriﬁcation by afﬁnity
precipitation.
The crude soybean extract (1.0 ml containing 803.64 U) was
mixed with 2 ml of chilled sodium alginate solution (2% w/v)
prepared in 25 mM sodium acetate buffer (pH 5.5). The bound
enzyme was precipitated by dropping the mixture with the help
of micropipette in 1.0 M CaCl2 solution under constant stir-
ring. The beads were allowed to harden in the CaCl2 solution
for 2 h. The beads were thoroughly washed with buffer and
stored at 4 C.
Elution of the alginate bound enzyme was done by adding
2.0 ml of 1.0 M maltose followed by centrifugation at 10,000g
for 10 min at 27 C. The supernatant obtained was collected
and the process was repeated until no activity was recovered
from the supernatant. The supernatant collected was subjected
to overnight dialysis in extraction buffer followed by concen-
tration against solid sucrose. The concentrated and puriﬁed en-
zyme was stored at 20 C for further use.
2.1.2. Immobilization of a-amylase on gelatin
Different concentrations of gelatin solution was prepared by
dissolving gelatin in distilled water by heating at 50 C and
thereafter cooling to room temperature. 1.0 ml of the puriﬁed
enzyme (0.44 mg protein) was added with thorough mixing.The suspension was casted on preassembled glass plates and
when the suspension jelliﬁed, 10 ml of 10% glutaraldehyde
solution was added and left for complete hardening. The gela-
tin was then cut into small chips (5 · 5 mm) and stored in
25 mM sodium acetate buffer (pH 5.5) at 4 C.
2.1.3. a-Amylase assay
a-Amylase activity was estimated following the method as de-
scribed by Bernfeld [3]. The reaction mixture (1.0 ml) contain-
ing equal volumes of starch (1%) and suitably diluted enzyme
solution (2.2 lg protein) was incubated at 27 C for 3 min.
For assaying the immobilized enzyme activity, the chips of
gelatin immobilized enzyme (2.2 lg protein) were suspended in
0.5 ml of assay buffer and 0.5 ml of 1% starch. The reaction
mixture was incubated at 27 C for 3 min.
The reaction was stopped with 1 ml of 3,5-dinitrosalicylic
acid followed by heating the reactants in a boiling water bath
for 5 min and then cooling down to room temperature. After
addition of 10 ml of double distilled water, the amount of
reducing sugar (maltose) produced was determined spectro-
photometrically at 540 nm. One unit of a-amylase activity
was deﬁned as the amount of enzyme required to produce
1 lmol of maltose per minute from soluble starch at 27 C
and pH 5.5 under speciﬁed conditions.
2.1.4. Protein estimation
Protein was estimated by the method of Lowry et al. [9] with
Folin–ciocalteau reagent calibrated with crystalline bovine ser-
um albumin.
2.2. Statistical optimization using RSM
The levels of the immobilization parameters and the interac-
tion effects were analyzed and optimized by Box–Behnken
methodology [4].
3. Results and discussion
3.1. Immobilization of a-amylase on gelatin
Gelatin is a useful immobilization matrix for biomolecules and
microbial cells. It has a great number of advantages including
abundance, availability and cheapness. In addition, it stabilizes
the immobilized enzyme by being itself a protein. Glutaralde-
hyde is usually used to crosslink the proteins. Although there
are many studies on the usage of glutaraldehyde in immobili-
zation of biomolecules, the mechanism by which glutaralde-
hyde reacts with amino groups of proteins is still unclear.
Studies have shown that several different reaction mechanisms
take place simultaneously [10]. The reaction of amino groups
of proteins with a, b-unsaturated oligomers, found in commer-
cial aqueous solution of glutaraldehyde, yields Michael-type
addition and Schiff’s base product stabilized by conjugation.
In the present study, the enzyme was immobilized on gela-
tin matrix and covalently crosslinked by the organic hardener
glutaraldehyde. The optimization of immobilization of a-amy-
lase in gelatin was done by varying the concentration of gelatin
from 10% to 30% (w/v). As it is evident from the Table 1,
maximum immobilization was achieved at 20% gelatin con-
centration. The results revealed that at low gelatin concentra-
tion, unstable and fragile gelatin beads were obtained which
Table 1 Predicted and experimental data showing the %
immobilization at different concentrations of gelatin and










10 10 2 22.3 22.71
10 20 1 52.7 47.82
10 20 3 40.0 36.61
10 30 2 34.0 41.41
15 10 1 48.0 50.02
15 10 3 42.5 45.71
15 20 2 35.6 38.28
15 30 1 61.2 59.32
15 30 3 53.2 47.15
20 10 1 82.5 81.65
20 10 2 75.0 69.76
20 20 1 73.0 78.57
20 30 2 67.5 61.79
20 30 3 62.2 68.41
Table 3 Estimated regression coefﬁcients for %
immobilization.
Term Coeﬀ. SE coeﬀ. T P
Constant 38.281 6.852 5.587 0.003
Gel. conc. 16.857 2.636 6.396 0.001
Glut. conc. 2.682 2.466 1.088 0.326
Time (h) 4.119 2.710 1.520 0.189
Gel. conc. \ Gel. conc. 9.585 4.561 2.102 0.090
Glut. conc. \ Glut. conc. 1.059 4.897 0.216 0.837
Time (h) \ Time (h) 11.214 4.516 2.483 0.056
Gel. conc. \ Glut. conc. 6.669 3.169 2.105 0.089
Gel. conc. \ Time (h) 1.486 3.904 0.381 0.719
Glut.conc. \ Time (h) 1.966 3.426 0.574 0.591
S = 7.51741; PRESS = 4144.77; R2 = 94.27%; R2(pred) =
16.00%; R2(adj) = 83.97%.
a-Amylase immobilization on gelatin: Optimization of process variables 163led to poor immobilization which may be due to the larger
pore size in the gel which probably caused leaching of the en-
zyme. At concentrations above 20% (data not shown here), the
percent immobilization was low which may be the result of ste-
ric hindrance due to high concentration of gelatin.
The glutaraldehyde may be said to act as a hardening agent
as it was not easy to handle the matrix (with the enzyme en-
trapped within) in its absence. Moreover, the glutaraldehyde
concentration above 10% led to a decline in percent immobi-
lization which again may be the result of the steric hindrance
caused by the presence of the glutaraldehyde which may have
affected the accessibility of the substrate to amylase. Similarly,
the increase in incubation time of the enzyme immobilized in
gelatin with the glutaraldehyde resulted in a decrease in per-
cent immobilization. Thus, the optimum immobilization of
82.5% was observed with 20% gelatin, 10% glutaraldehyde
and 1 h hardening time.Table 2 Box–Behnken design.
Std. order Run order Pt. type Blocks Gel. conc. Glut. conc. Time
10 1 2 1 10 10 2
14 2 0 1 10 20 1
2 3 2 1 10 20 3
11 4 2 1 10 30 2
5 5 2 1 15 10 1
3 6 2 1 15 10 3
12 7 2 1 15 20 2
1 8 2 1 15 30 1
4 9 2 1 15 30 3
6 10 2 1 20 10 1
13 11 0 1 20 10 2
9 12 2 1 20 20 1
15 13 0 1 20 30 2
7 14 2 1 20 30 3
8 15 2 1 10 10 2
Factors: 3; replicates: 1; base runs: 15; total runs: 15; base blocks: 1; tota3.2. Statistical optimization of immobilization of a-amylase on
gelatin
3.2.1. Optimization of immobilization process using RSM
approach
The range of variables affecting the immobilization process as
per BBD are glutaraldehyde concentration: 10%, 15% and
20%; gelatin concentration: 10%, 20%and30%; and hardening
time: 1, 2 and 3 h. Since the percentage immobilization is af-
fected by three parameters, 15 experimental runs were required
as per three-level three-factor fractional factorial Box–Behnken
design. Thus accordingly, experiments were performed as per
(BBD) experimental plan and the results thus obtained for each
combination are given in Table 2. The results were also obtained
with the help of Box–Behnken design of Minitab-15 software
and are given in Table 1. Signiﬁcant changes were observed for
all the combinations, implying that all these variables viz. glutar-
aldehyde concentration, gelatin concentration and hardening
time was signiﬁcantly affecting the percentage immobilization.
3.2.2. Interpretation of the regression analysis
The response of surface regression results thus obtained with
this design (BBD) namely the T and the P-values along with(h) % Immob. Std. order_1 Run order_1 Blocks_1 Pt. type_1
22.3 1 1 1 1
52.7 2 2 1 1
40.0 3 3 1 1
34.0 4 4 1 1
48.0 5 5 1 1
42.5 6 6 1 1
35.6 7 7 1 1
61.2 8 8 1 1
53.2 9 9 1 1
82.5 10 10 1 1
75.0 11 11 1 1
73.0 12 12 1 1
67.5 13 13 1 1
62.2 14 14 1 1
22.3 15 15 1 1
l blocks: 1; center points: 3.
Table 4 Estimated regression coefﬁcients for % immobiliza-






Gel. conc. \ Gel. conc. 0.383407
Glut. conc. \ Glut. conc. 0.0105880
Time (h) \ Time (h) 11.2144
Gel. conc. \ Glut. conc. 0.133384
Gel. conc. \ Time (h) 0.297275
Glut. conc. \ Time (h) 0.196574
Table 5 Analysis of variance for % immobilization.
Source DF Seq. SS Adj. SS Adj. MS F P
Regression 9 4651.68 4651.68 516.853 9.15 0.013
Linear 3 3925.05 2836.50 945.500 16.73 0.005
Square 3 455.48 460.85 153.617 2.72 0.155
Interaction 3 271.15 271.15 90.383 1.60 0.301
Residual error 5 282.56 282.56 56.511
Lack-of-ﬁt 4 282.56 282.56 70.639
Pure error 1 0.00 0.00 0.000
Total 14 4934.23
164 N. Jaiswal et al.the constant and coefﬁcients (estimated using coded values) are
given in Table 3. The T value is used to determine the signiﬁ-
cance of the regression coefﬁcients of the parameters whereas
the P-value is deﬁned as the smallest level of signiﬁcance lead-
ing to rejection of null hypothesis. In general, the larger theFigure 1 Mainmagnitude of T and smaller the value of P, the more signiﬁcant
is the corresponding coefﬁcient term.
The value of constant was found to be signiﬁcant i.e. 38.281
because the P value of constant is 0.003 and T value is higher
i.e. 5.587. The constant which does not depend on any variable
and interaction of variables, shows that the percentage immo-
bilization was 38.281, and that this percentage immobilization
is independent of the factors set in the experiment. The effect
of all linear parameters such as glutaraldehyde concentration
and time were found to be insigniﬁcant because P value for
these linear effects are 0.1892 and 0.326, respectively. High va-
lue of T estimated for gelatin concentration and quadratic
term of time (Time2) indicates the importance of these vari-
ables on the percent immobilization. This means that the pro-
cess is having a linear relation with gelatin concentration while
it has curve relation with the parameter time. The results also
indicate that there is a linear and positive relationship of per-
centage immobilization with the glutaraldehyde concentration
that means the percent immobilization increases with the in-
crease in glutaraldehyde concentration. A model is proposed
based on the regression coefﬁcients given in Table 4 for the
percent immobilization as follows:
Yðpredicted amount of % immobilizationÞ
¼ 38:281þ 16:857 Gel: conc: þ 2:682 Glut: conc:
 4:119  Timeþ 9:585 Gel: conc:2 þ 1:059
Glut: conc:2 þ 11:214  Time2  6:669 Gel: conc:
Glut: conc: þ 1:486 Gel conc:  Time 1:966
Gel: conc:  Time ð1Þ
The value of standard deviation i.e. 7.51741 between the
measured and predicted results shows that the equation ade-
quately represents actual relationship between the response
and signiﬁcant variables. High values of R2 (94.27%) indicateseffect plot.
Figure 2 Residual plots for % residual activity.
Figure 3a Contour plots of the cumulative effects.
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the predicted values of response. The predicted values were
found to be very close to the experimental results (Table 1).
The ANOVA (Table 5) was also performed, which demon-
strates that the quadratic model was highly signiﬁcant, as was
evident from the calculated Fisher’s ‘‘F’’ value of 9.15 and a
probability ‘‘P’’ value of 0.013. The large value of F indicates
that most of the variation in the response can be explained by
the regression equation. The associated P value is used to esti-
mate whether F is large enough to indicate statistical signiﬁ-
cance. If P> F value is lower than 0.05, then it indicates
that the model is statistically signiﬁcant. It was also observed
from ANOVA study that the coefﬁcients for the linear
(P= 0.005) effect were highly signiﬁcant and thus conﬁrm
the applicability of the predicted model.
3.2.3. Main effect plot
Main effect plots are drawn to compare the changes in the level
means to see which factors inﬂuence the response the most. A
main effect is present when different levels of a factor affect the
response differently. It is created by plotting the response mean
for each factor level. A line is drawn to connect the points for
each factor and a reference line is also drawn at the overall
mean. When the line is horizontal (parallel to the x-axis), then
there is no main effect present. Each level of the factor affects
the response in the same way, and the response mean is the
same across all factor levels. When the line is not horizontal
(parallel to the x-axis), then there is a main effect present. Dif-
ferent levels of the factor affect the response differently. The
greater the difference in the vertical position of the plotted
points (the more the line is not parallel to the x-axis), the great-
er the magnitude of the main effect.
Fig. 1a shows the mean percentage immobilization (mean
is 52.1864). The plot shows that the percentage immobilization
is greater than average for gelatin concentration: 20%, while
it is less than average for gelatin concentration: 10% and
15%. The percent immobilization increases and attainsmaxima at gelatin concentration: 20%. It is clear from the
Fig. 1b that the glutaraldehyde concentration has a positive
effect on the percent immobilization. The uptake is greater
than average for glutaraldehyde concentration of 30%, while
it was less than average for glutaraldehyde concentration of
10%. The Fig. 1c also indicated that the percent immobiliza-
tion ﬁrst decreased and then increased with time and it was
greater than average for time: 1 h while less than average
for time: 2 and 3 h. The percent immobilization was found
to be most affected by gelatin concentration: 20%, glutaralde-
hyde concentration: 30% and time: 1 h. These plots show a
clear difference in the magnitude of the effect on the response
between the factors: gelatin concentration, glutaraldehyde
concentration and time, indicating that the response, percent
immobilization, varies greatly with all the factors studied.
3.2.4. Interpretation of residual graphs
The normality of the data can be checked by plotting the normal
probability plot (NPP) of the residuals. The normal probability
Figure 3c 3D surface plot of percent immobilization versus time
and glutaraldehyde concentration.
Figure 3d 3D surface plot of percent immobilization versus time
and gelatin concentration.
Figure 4 Optim
Figure 3b 3D surface plots of the cumulative effects.
166 N. Jaiswal et al.plot is a graphical technique for assessing whether or not a data
set is approximately normally distributed. The residual is the
difference between the observed and the predicted value (or
the ﬁtted value) from the regression. If the points on the plot fall
fairly close to the straight line then the data are normally distrib-
uted. Fig. 2a shows normal probability plot of residual values. It
could be seen that the experimental points were reasonably
aligned suggesting normal distribution. The results can be
shown (Fig. 2c) with the help of a histogram. A histogram of
the residuals shows the distribution of the residuals for all
observations. The ﬁgure shows an almost symmetrical histo-
gram. Fig. 2b plots the residuals versus the ﬁtted values (pre-
dicted response). The residuals are scattered randomly about
zero i.e. the errors have a constant variance. Fig. 2d plots the
residuals in the order of the corresponding observations. The
residuals appear to be randomly scattered about zero. All the
points were found to fall in the range of +6 to 6, except for
one point (run number 4).
3.2.5. Interpretation of contour and 3D surface plots
Contour plot is the projection of the response surface as a two
dimensional plane. This analysis gives a better understanding
of the inﬂuence of variables and their interaction on the re-
sponse. To investigate the interactive effect of two factors on
percent immobilization, the RSM–BBD was used and three
dimensional and contour plots were drawn. The hold values
of the remaining factors were set at their middle values (i.e. gel-
atin concentration: 15%, glutaraldehyde concentration: 20%
and time: 2 h). Figs. 3a and b represents the contour and 3D
surface plots of the combined effects of glutaraldehyde concen-
tration and gelatin concentration on percent immobilization.
The ﬁgures show that the percent immobilization was in-
creased with the increase in gelatin concentration as well as
glutaraldehyde concentration. Fig. 3c which is showing the ef-
fect of time and glutaraldehyde concentration on percent
immobilization also showed that the percent immobilization
increased with increase in the glutaraldehyde concentration
while there was a curved relationship with time. Fig. 3d shows
the 3D surface plot of percent immobilization versus time and
gelatin concentration and it was found that the percentization plot.
a-Amylase immobilization on gelatin: Optimization of process variables 167immobilization increased with gelatin concentration while
there is a curved relationship with time. The uptake ﬁrst de-
creased with time and then it increased with further increase
in time.
3.2.6. Interpretation of process optimization curve
Response optimization helps to identify the factor settings that
optimize a single response or a set of responses. It is useful in
determining the operating conditions that will result in a desir-
able response.
In the present study the goal for percent immobilization
was to obtain a value at or near the target value of 50. Uptake
values less than 1 and greater than 100 were unacceptable in
both cases. Both weight and importance were set at 1. The glo-
bal solution (optimum condition), which is deﬁned as the best
combination of factor settings for achieving the optimum
response, was found to be gelatin concentration: 20%,
glutaraldehyde concentration: 30% and time: 3 h for a
predicted response of 68.4115 with a desirability score of
0.78971 (Fig. 4).
These results are found to be in good accordance with those
obtained through experimentation. There are many advantages
of optimization plot as it helps to achieve predicted response
with higher desirability score, lower-cost factor settings with
near optimal properties, to study the sensitivity of response
variables to changes in the factor settings and to get required
responses for factor settings of interest.4. Conclusion
A model was predicted by RSM where three-level-three factor
was used for the experimental results. This method was suc-
cessfully applied to determine the optimum conditions for
immobilization on gelatin. It was found that the predictedresults were close to the experimental value indicating the
suitability of the model.Acknowledgement
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